Gamma-Ray Bursts

A Story of the Biggest Explosions in the
Universe, and the last ‘Great Debate’ in

Astrophysics
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Chapter One

The Cold War, Nuclear Testing, and
the First GRB Detections
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OBSERVATIONS OF GAMMA-RAY BURSTS OF COSMIC ORIGIN
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Not consistent with
Nuclear explosion...

Not from the Earth, Sun,
or Solar System...

The mystery of GRBs is
born!



What could they
Pbﬁ!d theories:

Meteors hitting neutron stars
Neutron star ‘glitches’
Cosmic strings

Black hole ‘eruption’

...and more!

The only feature that all but one (and perhaps all)
of the very many proposed models have in
common is that they will not be the explanation of
GRBs." - Malvin Ruderman (1974)



Chapter Two
Hunting for More Data and the Last
Great Debate in Astrophysics




‘Burst And Transient Source Experiment’ (BATSE)

B

¥ ~2700 GRBs detected from
1991-2000

About 1 burst per day




What we saw..

Source must be
small, less than
~300 km

—




BATSE 4B Catalog

RALL AR | LALL IR Two distinct
classifications
start to appear
| with new data,
70% are short and long
GRBs.

| ...different
30% are L= %‘1 mechanisms?
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Figure 7.1 Distribution of 2704 gamma-ray bursts on the sky as found by BATSE
The Galactic plane corresponds to the central horizontal line. Courtesy of the
Gamma-Ray Astronomy Team at the National Space Science and Technology
Center (NSSTC); see http://gammaray.nsstc.nasa.gov/.




GRBs are...

From small sources

Distributed randomly across the sky

Either ‘'short’ or ‘long;, likely different sources
Highly energetic
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Two Camps Emerge...

Cosmological

Galactic Origin! Origin!

Don Lamb Bogdan Paczynski



1995: The Great Debate in NYC




The Smoking Gun: Linking a GRB to a SNe
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GRB 170817A linked to GW 170817
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Chapter 3: The Long and Short of
GRBs




})(’Uln_ My | ong GRB Short GRB

Duration 30 s 0.3 s

Observed rate (BATSE) Y00 yi 170 yr™'

Variability timescalg¢ | ms | ms

Host galaxy Galaxies with active Galaxies with and without
star formation star formation
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Long GRBs-
Massive star
collapse,
forms black
hole

Gamma-Ray Bursts (GRBs): The Long and Short of It

Long gamma-ray burst
(>2 seconds’ duration)

A red-giant
star collapses
onto its core....

...becoming so
dense that it

Jet
Torus

Gamma rays

Short gamma-ray burst
(<2 seconds’duration)

Stars* in .’\
a compact

binary system

begin to spiral

inward....

..eventually
colliding.

The resulting torus
has at its center

a powerful
black hole.

*Possibly neutron stars.

Short GRBs -
Merging of
compact objects





https://docs.google.com/file/d/1iYSZF1RZJwdP-Q-rer5gX72bBlt1hnO-/preview

Jet collides with
ambient medium
(external shock wave)

3 WHigh-energy

gamma rays

Colliding shells emit
low-energy gamma rays
(internal shock wave)

10°' - 10°4 erg

Slower X-rays

Low-energy shell

gamma rays Visible light

Radio

Black hole
engine

Prompt
emission

Afterglow



Debate held i Short GRB linked
Nuclear Test Ban Treaty, 1967 Results made public 1991 ebate held in 1997/98 to merger

Vela Satellites Launched I NYC I I I
First GRB ; Long GRBs
1963 detected 1973 BATSE begins 1955 linked to SNe 2017
What Are lapeer.github.io

Gamma-Ray Bursts? dlapeer@umass.edu



